In this paper, the models of traditional anti-seismic and base-isolated masonry and concrete frame composite structures were created by the three-dimensional finite element program and their time history responses were analyzed under the actions of different seismic waves. The results show that whether they were under the action of frequently occurred earthquake or rarely occurred earthquake, the story shears of base-isolated structure are far less than those of traditional anti-seismic structure; the lateral displacements of the former are nearly translational, while those of the latter are approximately parabolic; and the fundamental period of the former is much longer than the counterpart. In conclusion, the seismic fortification intensity of base-isolated structure is one or two degree less than that of traditional anti-seismic structure, and adopting the base-isolated structure will protect the life-safety and property of people and achieve good economic benefits as well.
Introduction
As one of the severest natural disasters, earthquake damages buildings and brings great harm to life and property. Mitigating damage caused by earthquake is one of the most concerned issues of structural engineering [1] . Traditional seismic designs have focused on energy dissipation and structural protection by means of inelastic deformation of structural systems; while, new seismic designs viz. structural control theory achieve the minimal damage of the structural system by way of reducing the structural response. So far, structural control theory is mainly composed of passive control, semi-active control, active control and mixed control. Passive control, keeping the structural response in a certain extent without requiring external energy, is extensively applied in theoretical research and practical utilization [2] . In the past 20 years, various passive isolation devices, such as laminated rubber bearing (with or without lead core), friction or sliding bearing and roller bearing, have been developed and employed in seismic designs [3] . Franco Braga et al, by undertaking the full scale comparative testing of the base-isolated multistory reinforced concrete frame structure and the corresponding traditional building structure, proved the validity of base-isolation technology [4] .
Masonry and concrete composite structure is that the ground story or the first and second stories of the building are the reinforced concrete frame-shear wall structure and the remaining stories are the multi-story masonry structure. Previous large earthquakes demonstrated that the destruction of this structure was very serious, and damage mostly occurred in the underlying framework, especially in the top and bottom of the frame columns [5] . Reason lies in that the upper masonry structure, having close longitudinal and transversal walls, creates a large lateral stiffness, but the lateral stiffness of the bottom frame is much smaller. Thus a "soft bottom and hard top" vertical structural system is formed. When lateral stiffness changes severely, the lateral deformation of the building mainly concentrates on the soft bottom. That is why the damage of the bottom frame is much severe. But architecturally, the large-span space of the bottom frame satisfies the flexible arrangement of shopping malls and the small-span space of the top masonry structure is suitable for official or residential purposes. So, this structure still has a big market share in China.
A project case
There is a masonry and concrete composite building with storefronts, regarding the first story as shopping market of 3 meters high, the second to sixth stories as residential building of 2.9 meters high (from 2nd to 5th stories) and 3 meters high (6th story), and the underground story as basement. The first story is the concrete frame shear wall structure and the upper parts are masonry structure. The construction site of this project is category II site. Fig.1 and Fig.2 show the framework structure plan of the first story and the masonry and concrete structure plan of the 2nd to 6th stories respectively.
In chapter 7 of code for Seismic Design of Buildings [6] , it stipulates that in the zone with seismic fortification intensity 8 (0.2g), the stories and height of the building are limited to five and 16 meters. Obviously, the stories and height of this project exceed the limits stipulated in the code and an over-restriction investigation is required. Therefore, it is decided after research to install laminated rubber bearing on the ceiling of basement to reduce the earthquake response.
According to References [7] , the first calculation is to get the axial force of each column under vertical loads. Then in light of the axial force, choose the type of the laminated rubber bearings. In order to increase the building damping, the lead rubber bearing was selected in this paper, seeing the mechanical performance parameters in Table 1 . The hysteresis curve under the action of horizontal cyclic loads can be idealized as bilinear closed curve. The rubber bearings were laid out in accordance with their vertical bearing capacity and were installed at the bottom of all columns. Finally, 30 lead rubber bearings were installed in this building, including 19 GZY400 and 11 GZY500. 
Results and analyses
According to reference [6] , when selecting the correct input acceleration time history curve, three factors of the ground motion, namely the spectral property, effective peak and duration, must be met.
There are three kinds of seismic waves for selection: 1) the actual seismic record of the proposed site; 2) typical strong earthquake records; 3) artificial seismic waves. Although the first wave is the optimal one, it is not available in most cases, and normally the time history analysis is done with the typical strong earthquake record and artificial seismic waves. For the category II site of this project, the EL-centro wave, Taft wave, TJB wave and PBF wave, typically applied at home and abroad, were used to analyze the earthquake response of the structure. The maximum peaks of the ground motion were adjusted to 70Gal and 400Gal respectively under the actions of frequently and rarely occurred horizontal earthquakes. In this paper, three dimensional finite element models of both traditional structure and base-isolated structure of this project case were established. The periods of different structures are shown in Table 2 . It can be seen that the fundamental period of the traditional structure is close to characteristic period, which corresponds to the peak values of the seismic influence coefficient curve illustrated in code [6] . Calculation in terms of response spectrum method proved that the earthquake action of the traditional structure is great. While, the first period of base-isolated structure is almost four times longer than the counterpart and five times longer than the characteristic period. Therefore, the earthquake action of based-isolation structure is very small.
1962
Advances in Civil Engineering and Architecture Innovation As stated previously, the time history response analyses of base-isolated structure and traditional structure were undertaken under the actions of different seismic waves. The maximum story shears of both structures under the action of frequently occurred horizontal earthquakes are given in Table 3 . It can be seen that the same structure responded differently to the actions of different seismic waves and the difference may be large. The maximum story shears of base-isolated structure are smaller, nearly an order of magnitude, than those of traditional structure. Considering the big difference of maximum story shears, statistical analysis is essential to guarantee the structural safety. Table 4 shows the statistical results of the maximum story shears of both structures under the action of frequently occurred horizontal earthquake. It can be seen that the statistical story shears of base-isolated structure are one order of magnitude less than those of traditional structure and their ratios are less than 20%. Table 5 indicates the horizontal seismic-reduced factors, viz. the maximum horizontal story shear ratio of base-isolated structure and traditional structure, and their corresponding fortification intensities of the based-isolated structure under the action of horizontal earthquake. It can be seen that the actions of horizontal earthquake on the base-isolated structure are half degree, one degree and one and a half degree less than those on the traditional structure. In the comparison of Table 4 and Table 5 , it reveals that the horizontal seismic-reduced factor is less than 0.27 and this project case can be treated as one and a half degree reduced one. Though the horizontal seismic-reduced factors are quite different, the maximum value of β even under the action of TJB earthquake wave equals 0.26, less than 0.27 and meets the requirement. In addition, the story shears of both structures under the action of rarely occurred earthquakes were calculated in this paper and the similar law was achieved. The magnitude of the lateral deformation indicates the damage degree of the structure system [5] . When earthquake happens, if the deformation of some portion exceeds the limit, structure may be damaged. The more the deformations are, the severer the damage will be. So attention should be paid to lateral deformation. The lateral displacements of both structures are showed in Table 6 under the action of rarely occurred horizontal earthquakes. It can be seen that the lateral displacements of the base-isolated structure are translational and effect mainly on the isolation story. While, the lateral displacements of the traditional structure are small but its story displacements are large. The average lateral displacement of the isolation story is 135.1mm under the action of rarely occurred earthquake, less than 0.55 D =0.55× 400=220mm (D refers to the minimum diameter of the laminated rubber bearing) and 3× 82=246mm ( three times the thickness of rubber layers). Therefore, the displacement of the base-isolated rubber bearing meets the requirement stipulated in code [6] .
Conclusions
By the analyses of the time history response of both structures, the conclusions are as follows: 1) The fundamental period of the base-isolated structure is longer than that of the traditional structure, thus the earthquake response of the former is smaller than that of the latter. 2) Whether it is under the action of frequently occurred earthquake or rarely occurred earthquake, the story shears of the base-isolated structure are nearly an order of magnitude less than those of traditional structure. 3) The lateral displacements of base-isolated structure are nearly translational and the lateral displacement curve of traditional structure is parabola, with comparatively large story displacements. 4) The fortification intensity of base-isolated structure can be one or two degree less than that of the traditional structure. Therefore adopting the base-isolated structure can achieve good economic benefits and protect the life and property of people.
